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FOREWORD

The research reported herein was supported by the

Advanced Research Projects Agency through the Office

of Naval Research, Power Branch, Code 4i29, with

Mr. Richard L. Hanson as Scientific Officer. This

report was prepared in compliance with Section H of

Contract Nonr 4428(00) under ARPA Order No. 23, and

covers the period 29 August 1965 through 28 November

1965. This work was carried out in the Synthetic

Chemistry Group with Dr. D. Pilipovich, Principal

Scientist. Full-time associates connected with the

technical effort were Dr. H. F. Bauer, responsible

for coordinating this report; Dr. C. J. Schack; and

Dr. C. B. Lindahl.
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A 1STPACT

The fluorination of Il' and CsF complexes of C] 0 has

yielded COF 0. Thermal dissociation of KCIF,1 0 occurred

below ambient temperature while heating was required to

dissociate CsC1F O.

Oxychlorine trifluoride has also been prepared from

chlorine nitrate in a 95+ percent yield by fluorination

of the complex CsClFON02. The reaction was independent

of the presence of N2 0 Glow discharge experiments at

-196 C with solid Cl 20 and activated fluorine gas have

resulted in small quantities of ClF 0, but CiF_ and

FC102 were the major products.

The hydrolysis of ClF witii potassium fluoride dihydrate

and excess potassium fluoride was carried out in a flow

system. No CiF 30 was obtained.

The ratio of CsF to C1F~0 in this complex has been de-

termined to be 1.15 when using excess CIF_0. Lxlperi-

ments with excess CsF also demonstrated an incomplete

attainment of stoichijemery indicating unfavorable

kinetics for the reaction. Reversible dissociation

of the complex occurs below 150 C.

The basic behavior of CIF 30 was shoe.n b!" its reaction

with PF5 and SiF to form 1:1 and 2:1 complexes respectively

The reaction cf CIF 30 with FNM to form a reversible

H-5883-5 ii
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complex demonstrated its acidic properiTies. Oxychl orine

trifluoride was displaced from its CsF complex by CIF_

and from its PF . complex with FNI0. Vapor pressu'e/2

temperature equations for the CIF 0"FNO and (CIFs0) 2 SiP,

complexes were obtained.

The synthesis of C1F_0 was attempted by the fluorination

of CsCIF 10 and by the reaction of KrF2 with CF3 0, Ox-y-

chlorine trifluoride wos recovered in each case. Partial

fluorination of C2 O'CsF was investigated as a route to

chlorosyl fluoride and gave only 4,races of an unidentified

substance thought to be FClO. The reduction of CIF 30 as

a possible route to PU10 was tried with the reducing
agents C] 2 0, SO2 , Br,, and BrF3 .

The complex of Br 20 and CsF has been fluorinated in hopes

of forming BrF 30 or BrF_0.

The fluorination of N 20 in the presence of CsF vas

attempted as a possible path to new F, N, 0 compounds.

Neither complex formation nor reaction with fluorine

was noted.

In an effort to demonstrate the existence of mercury

hy-pochlorite as a possible intermediate, reaction

products of Cl2 and figO, as well as Cl 20 and ttgC12,

were studied. No direct or reproducible evidence

supporting mercury hypochlorite structures was obtained.

(Confidential Abstract)
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INTRODUCT ION

Mhiring the present. quarter, the studies revolving around oxychlorinu

trifluoride were expanded. In addition to studying the chemistry of its

formation and intermediates involved, some attention was given to the

chemistry of CIF 30 itself.

The chemistry of CIF 30 thus far is being pursued in two ways The most

important is the potential of CIF 30 as an intermediate in both fluorina-

tions and reductions. Accordingly, the results of Rocketdyne studies

in this connection will be presented in detail. Acid-base equilibria

involving CIF 3 0 are also of interest. Some new species derived from

CIF 30 in this context have been partially characterized.

Because preliminary characterization of ClF 30 is complete, more attention

has been devoted to seeking other oxyhalogen fluorides. In this vein,

fluorination studies of Br 20 were resumed.

C I-5883-5 T
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FLOROX STLDIES*

Symthesis of 0xychlorine Trifluoride From

C10-Alkali Metal Fluoride Complexes

The fluorination of C1 0, complexed with alkali metal fluorides, has
2

continued to provide the primary route to CIF 0:

14F.Cl0 + F2---iClF 0 + MClF 0 + 1,1ClF,

Whien CsF was used, part of the CIF 30 vas evolved by warming to room

"temperature. Additional CIF 0 as well as CIF3 was obtained by Thermal

dissociation of the residual solids.

In contrast, no additional CIF 0 was evolved when the products from the

fluorination of KT*Cl,2O were heated above ambient temperature. The total

yield was obtained by simply warming to ambient temperature. Whlen the

other product, C1F. 3 was driven off by heating, the potassium fluoride

could I e reused with no loss of efficiency, similar to the saisfactory

reuse of CsF in these fluorination reactions.

The ease of workup from KF-containing fluorinations suggests that

KCIF 4 0 is appreciably dissociated at ambient temperature while CsC]F,I

requires considerable heating for complete dissociation. Moreover, a

siLpie technique for the separation of CIF- from ClF 0 may be possible

using ICF. It was founl that CsF was unsuitable in this regard.

*Unclassified designation for CIFU

rt- 583-5 2

CONFIDENTIAL



CONFIDENTIAL
Sa1  c 1C UC W: T rl, tll A DIO I W ,ON OF NOrTH AMERICAN AV.AT:ON INC

While a high conversion of Cl 20 to CIF 0 was not achieved using potassiumn

fluoride, reasonably good yields have been obtained during initial ex-
periments. At firsta yield of 9 percent based on Cl 0 was achieved.

Subsequent runs in the same container gave yields of 44 percent based on

Cl,)0 and, following KF regeneration, 43 percent based on KF in a run with

excuss Cl 20.

Electric Discharge Fluorination of Solid Cl 20

Earlier in this program, the use of electric-discharge-activated fluorine
was tried in reactions with solid Cl 20 to achieve the synthesis of C1F 0.

At that time (Ref. 1), it was observed that some ClF_ was found but no9
CF 30. This reaction was re-examined using iecirculated fluorine in a

closed-loop system at low pressures rather than the simple flow-through

P method. As expected, a much more efficient fluorination was achieved.

The yield of COF_ was approximately 45 percent (based on 2ClF_ for each9 9
53C12 0). In addition, small quantities of COF 0 were found along with some

COF and much FC102

Therefore, with the incorporation of this improved technique, the general

utility of the electric discharge flu, rination process has been improved

and made more efficient. Also. it is expected that this activated gas

solid reaction method might now be employed to demonistrate the synthesis

of other highly iluorinated species, in particular C1F.0.

-196 C (1)
3OF 0 * F• Ci ()

R-5883-5 3

CONFIDENTIAL



CONFIDENTIAL
W I *A D) V S'ON OF NJORTH AMERICAN AVA^-ON NC

Synthesis of Oxychlorine Trifluoride from ClONO0

Two additiona] sytntheses (if CIF 0 via CINOY CHF, and F, have heen con-
3 3

ducted in the srame inanner as reported previously (Ref. 2). The first,

employing previously u.ed CsF, gave no product. The second, utilizing

fresh CsF, gave a 95+ percent yield of C1F 0. In this reaction, it was
3

noted that some of the CIF 0 was obtained as part of the volatile species,

whereas in the past, it was observed only on pyrolysis of the solids left

after completion of the fluorination. Nitryl fluoride was the only other

major product obtained, thus confirming the postulated reaction sequence:

C1ON0 + CsF -80 Jo -18 • •F.C10N02 (2)

CsFCl10N02 + 2F2. -80 C CsF.C1p 0 4 FN0O (3)
*2 2 3 2()

CsF.ClF3 o-0--- CF 30 + CsF (4)

It is also noteworthy that the CINO3 employed in this high-yield ClF 0
3 3

synthesis was contaminated with NO The NO impurity had no detrimental
2' 2

effect other than to consume fluorine in being converted to FNO2.

Hydrolysis of CIF. With Potassium Fluoride Hydrate

Previous attempts (Ref. 3) to produce CIF 0 by hydrolysis of CIF5 have

unsuccessfully utilized metal fluoride hydrates. Because HF is a product

of such a reaction it may have been detrimental to the formation of CIF 0:

?3HF + CIF30 - C IF0 --- 12 CIF .5 1/2 FC102 + HF (5)

11-5883-5 4
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Thpirfnro. thp 'roaeTion wae T'PODPTPd 11 in C1 CIF KF21 0. and a large I
excess of K13 so that the HF formed would be tied up as MIF 2 . Chlorine

pontafluoride at 6 0nun pressure was passed through a 10:1 powdered mixture

of KF and KF'2H 0 in a Kel-F flow reactor. The first reaction yielded
2

FC03 FC2' Cl 2 , and noncondensibles. The second reaction gave mostly

FCIo2 and small amounts of FCI03'

The third reaction gave FC10 and unreacted C1F.. The reactivity of
2D

CIF 30, if formed, is apparently greater with metal fluoride hydrates

than is CIF..

Studies of the Cesium Oxychlorine Tetrafluoride Complex

The reversible nature of the CsF-CIF 3 0 system has been -eported (Ref. 2).

R.T.
CIF 30 + CsF Cs+ClF 40- (6)A

However, no information regarding the actual stoichiometry was obtained

because all the earlier experiments were conducted with a large molar

excess oi CsF. When the complex formation was carried out using measured

amounts of CsF and CIF 30, and with an excess of the latter, an experimental

composition CsF 115-CF 30 was obtained. This composition is reasonably

close to a 1:1 complex, esp-cially considering the problem of solid/1liquid

contact.

The formation of cesium oxychlorine tetrafluoride was also examined using

excess CsF racher than excess CIF 30. After 3 days at ambient temperature,

83 percent of the CiF 30 was complexed and after 3 weeks at -16 C, 96 ±3

percent of the CIF 30 was complexed. The failure of all the CIF3 0 to be

C-5883-5

CONFIDENTIAL



CONFIDENTIAL

complexed is attributed to poor gas/solid contact after all the liquid

CIF 0 has reacted because the Cs*CIF 0- complex has a negligible vapor
3 '

pressure of CIF 0 even at room temperature.
3

Because cesium oxychlorine tetrafluoride has potential utility as an inter-

mediate in the synthesis of chlorosyl fluoride or oxychlorine pentafluoride,

its thermal stability is of interest. Available data indicate that CIF3 0

can be completely liberated from the cesium fluoride complex by pumping

for several hours at 150 C. However, the nature of the complex giving

rise to CF 30 in this reaction was not accurately known because it was

the result of the fluorination of the Cl20'CsF complex. An attempt wa0

made to thermally dissociate any Cs+CCF O_ present, leaving the byproduct

CIF3 in the complex form Cs+CIF4-. T~ie temperature required to liberate

CF 30 completely was well below that required to yield CIF3 from Cs CIF 4
(Ref. 4). Yet, evolved OF30 was mixed with appreciable amounts of C1F3.
This observation might be indicative of the retention of a fluorinated

CIOC1 moiety such as Cs2 ClF8 0. It is planned to check thi& possibility

by beating a mixture of the independently prepared salts, Cs*CIF ()- and

Cs+CF 4-, to see if the C1F_0 evolved in this case is also mixed with
4,)

CIF 3' If warranted, additional studies with X-ray powder diffraction will

be carried out.

Reactivity of Oxychlorine Trifluorine With Monel

Previous experiments in Monel with F2 showed 63-to 70-percent CF3 0 re-

covery at 200 to 2.'6 C over 16-hour periods (Ref. 2). It was recently

found that heating CIF 3 0 with CsF to 200 C in Monel for 3 days, converted

all the CIF 30 to FCO 2' CIF, and CIF . These conflicting results may be

the result of the formation of the F 2CIO radical which, in absence of

fluorine, reacted with an incompletely passive Monel surface. It may be

R-5883-5 6
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r'3called that 16-hour experiments in Ft.ainle.g stee] at 200 C Uave only]

Cl" and 0) (Ref. 2) in the absence of fluorine. It is possible tliai.

"'hile F2 CCO is a hypothetical precursor to EClO2. CiF3, and C]F in Mone!

the same radical could give Cl12 and 02 with the more reactive stainless

steel.

Oxvchlorine Trifluoride Reactions With Acidic and

Basic Fluorides

The ability of chlorine trifluoride to form complexes with both alkali

metal fluori.des and strong Lewis acids has been demonstrated with oxy-

chlorine trifluoride as well. In addition to the previously reported

reactions with boron trifluoride and arsenic pentafluoride (Ref. 2),

CF 30 reacted with both phosphorus pentafluoride and silicon tetrafluoride

to form solid complexes. Phosphorus pentafluoride formed a colorless

1:1 complex with CIF 3 0, which had less than 20 mm Hig pressure at ambient

tempeiature. The solid could be moved by pumping but was presumably dis-

sociate,! in the gas phase because no infrared spectral differences could

be seen between the individual components and the vapor above the complex.

A less stable complex was formed when CIF 0 and SiF,, were mixed. Wlen

equimolar parts were brought to -80 C, one half of the SiF, reacted.
,!

Lpon the addition of another equivalent portion of CIF 30, the balance

of the Sil"P was complexed after temporature cycling. The vapor pressure

of the 2:1 COF 0-SiF? mixture was measured at several temperatures be-

tween -80 and 14 C and the following vapor pressurei'temperature equation

was obtained!

loglOp(mm) = 7.75 - 145,.T (7)

•--5883-5 7
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The enthalpy and entropy changes for the process (CIF 0)"SijF, (so] id)---s-
3

2CIF.0 (gas) + SiF, (gas) were calculated: A if 22 kcal, AS - (65 e.i.)

An estimation of the enthalpy change in the process 2ClF_0 (1) + SiF, (g).-.P

(CIF 3 0) Sii, (s) was made from the heats of vaporization and sublimation

of CF 30 and SiFt, A 2 kcal. The complex may be written as either

(CIFO t+)2SiF6 = or CIF 3 C----SiF4-----P0C1F.;. Successive portions of the

complex were removed at -23 C. Their infrared spectra showed a constant

ratio of CIF 0 and Sip absorbances indicating a 1.9 mole ratio.

The amphoteric behavior of COF 0 was further demonstrated by its acidic
'3

reaction with nitrosyl fluoride. Apparently two complexes are formed,

FNOC1F 30 and FN0.2CF 30. The former complex was converted to the latter

by pumping at -80 C. A vapor pressure/temperature curve was obtained

for the FNOMClF 0 complex from -80 to 0 C:

log1 0 p(mm) = 8.47 - 1625/T (8)

The heat of reaction for the combination of the liquids FNO and CF 30

to form the solid complex was calculated as about 5 kcal,'mole of complex

from the heats of vaporization of the liquids and the above equation.

The relatively high density, 1.9 g,/cc, and heat of vaporization, 7.7

kcal/mole, of ClF 0 (Ref. 2) may be indicative of the exstence of
3 6

dimeric or bridged species in the liquid, e.g., CIF 3-0-CIF 3. The ad-

dition of fluoride might then result in the formation of the observed

2:1 complex NO CFh-0-7 F 3 .

When an equimolar amount of nitrosyl fluoride was added to the C1F_0"PF_
5)

complex at -80 C,CF 30 was liberated.

R-5883-5C8
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An infrared spectr-um of the products volatile at room temperature showed

only CF 30 indicating the following reaction:

BNO (g) , CIF 3O'PF 5 (s)-.-.-NOPF6 (s) + ClF30 (1) (9)

Thus, as expectedClF30 is a weaker base to PF_9 than is 'O.

Oxychlorine trifluoride was also displaced from its complex with a

fluoride base by using another acid. Addition of CIF 3 tc C sClF40 at

ambient temperature liberated ClF 30 according to the equation:

CIF 3 (g) + Cs+CF 4 O-(s)-WCs+ClF4-(s) + ClF 3 0 (1) (10)

This confirms CiF3 to be a stronger Lewis acid than CF 30 toward CsF.

STU-DIES LEADING TO NEB OXIDIZERS

Attempted Synthesis of Oxychlorine Pentafluoride

Oxychlorine trifluoride provides a potential intermediate for making

both chlorosyl fluoride and ox-chlorine pentafluoride. By analogy with

the fluorination of CsCiF 4- to yield CIF., the fluorination of the

complex Cs+CIF,O would be expected to be a likely route to the new

oxvchlorine fluoride, ClFO.

Cs+C1F 0 + F 2---- WCsF + CiFO0 (11)
4 22

Experiments with increasingly vigorous conditions of temperature and

pressure have not resulted in CIP-.O or any other new compounds.

".-5883-5 9
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Condition. imposed thus far have been 750 psi at 50 C, 850 psi at 100 C,

and 1200 -si at 160 C. The CIF 30 was recovered essentially unchanged

from the Monel reactor in each case.

Another possible route to OIF50 is the direct fluorination of CIF 30 by

KrF2 (Ref. 5) at low temperatures. The possible ut.'"v of thi- reaction

is indicated by the recent report of the preparation O. C3F

and KrF2 (Ref. 6).

CIF + KrF --- 4.ClF5 + Kr (12)
3 2

CIF 0 + KrF -- ? 'CIFr0 + Kr (13)
3 2

Good mixing of the reactant3 can only be achieved at temperatures above

__-65 C, the melting point of CIF 0. In three reactions so far conducted,
3

the materials were allowed to warm up together from that temperature to

ambient temperature over ieveral hours. No evidence was found, however,

for the formation of any new materials. The KrF underwent smooth thermal
2

decomposition to Kr and F 2 , and some CIF contaminant was partially con-

verted to COF_;j the CIF 0 was recovered quantitatively. Additional ex-
5 3

periments are planned using shorter warming periods.

Reduction of Florox

The nonvolatile solid formed by low-temperature fluorination of the

C.12 0-CsF complex has been heated to yield ClF 3 0, C]F 3 and, on three

occasions, CIF and traces of an unknown species. The unknown partially

passed through a -156 C trap in a vicuum line. The two bands in the

rock salt region were observed and are indicated in Fig. 1. Additional

R,-5883-5 10
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This unknow may be a new F, Cl, 0 compound and qpecifically may be FCIO.

Mass spectrometric examination of a sample containing the unknown yielded

no information. Three attempts to obtain the unknown by methathetical

displacement by CIF were unsuccessful:
3

Cs F2 CIO. + ClF C•I F, + FClO (14)

Because only traces of the new material were found thus far, several new

approaches have been utilized in the search for this elusive material.

The concomitant presence (or absence) of CIF suggests synthesis of the

unknown and CIF by a simultaneous degradation of Cs+CIF 0- and Cs+CIF/-

complexes by incomplete fluorination of the Cl 20-.CsF complex. Routine

fluorinations of the Cl20'CsF complex to CIF 30 and CF 3 have utilized

3:1 F 2:Cl 20 ratios. Intentional underfluorination to FClO and ClF would

22 2-• require a F2:Cl120 ratio of 1'.1 according to the equation:

Cl 0 O'CsF + F0- -- FCIO +ClF (15)

The incomplete fluorination at -80 C yielded CIF 30 and much unreacted

C110 but oniy traces of the unknown. Apparently once the C10 0-CsF cam-

plex wis initially attacked by F,, it was oxidized all the way to CF 30

and CIF

Another approach to the synthesis of FCMO involves reaction of CIF 30

with appropriate reducing agents. With the reducing agent Cl 0, FC10

could arise as an oxidation product as well as a reduction product:

CIF 30 + Cl 20----42FC10 + CIF (16)

R-5883-5 12

CONFIDENTIAL



I
CONFIDENTIAL

MIt.- A :V S V N TH AVEP CA A A C)

Thus. lnca] excesses would present less of a problem. The epvr'i mpni I
was run with equimonar amounts of reactants held at ambient temperature

in Monel for 3 days. While all of the C'],0 reacted, only half of the

IF 30 was used. The products were FClO0 , smaller amounts of CIF, some

chlorine, but no noncondensibles. Either CIO did not form or dispro-

portionated according to the equation:

2FC1O----PFC10 2 + CIF (17)

Milder reaction conditions, such as shorter reaction time, lower tempera-

tures, and complexed reactants are indicated for future experiments.

Further reaction or disproportionation of any F010 formed may be reduced

by complex formation as well.

The reaction of sulfur dioxide wilh CF 30 was carried out between SO

and 45 C in hopes of fluorinating SO2 to S0 2 F 2 and forming F1O0. The

major reaction products were SOF2 and FC102 with minor amounts of S02 F2

However, an overall decrease in the pressure of the system of 20 percent

suggested some coupling or formation of a less volatile species. In-

frared absorptions at 1485, 1240, 880, and 835 cm-I indicated the presence

of SFJ,(SO 3F), (Ref. 7). Fluorination of this material by F,_ resulted in

S206F. and SF 6 . No Ci-F absorptions above 660 cm were seen.

The reaction of bromine trifluoride and oxychlorine trifluoride gave no

new products. Bromine and oxy;chlorine trifluoride in a 1:3 mole ratio

were reacted by slow warming from -80 C in anticipation of the following

result:

Br + 3ClF3- --- ? 2BrF3 + 3FCIO (18)

R-5883-5 13
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ChlI orine, c Ii oryl flIuoride, and som tup nreacted oxychlIor ine t r ifIlioridoe

were recovered. No e .- idence for BrF_ or FC 10 wasq obtained. The I'al I urn

to oltain FCIO may have been caused by its reaction with bromine. T h or.

fore, BrF was tried as a reducing reagent:

CIF 0 + IBrF ? P I r-(19)
3 3 - C0 j lr

Bromine trifluoride and oxychiorine trifluoride did not eact at room

temperature. Higher temperatures may produce the desired reaction.

Attempted Synthesis of Oxybromine

Fluorides by Fluorination of Br 0
2

On the basis of analogy with the Cl 0 system, it was expected that Br )0

I represents a likely starting material for the preparation of the unkinoWT1

Br? 0 and Br- 50 compounds. Because of the high melting paint of Br 20

and thermal instability above the melting point, the required Cs? complc.\

was formed using Freon 11 as a solvent for Br 20. Thecopewa bizf

after removal of the solvent and has been utilized for several fluorina-

tion reactions now in progress at -50 C. One par-t4ally completed exper-

iment has Fbown that nearly all the added fluorine ww8 consumed. The

only volatile products observed, however, were Br 0 and BrF-. No BrF_

would be expected bec,-use it forrnt . stable complex with CsF. No new

species were noted but this was no, particularly discouraging because

Br? 0 and possibly BrF_0 could he present as solid CsF complexes. Therm.,
3 .

dissociation of these solids is scheduled. The formation of BrF- in
D)

grood yield was promising and may indicate the folloNing reaction:

Br OCsF + 4iF, BrF.. + RrF G>CsF (20)
2 3
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Fluorination cf N2 0

Success in the CsF-catalyzed low-temperature fluorination of carbon

dioxide suggested that the isoelectronic molecule N 20 might also be

fluorinated under similar conditions. The fluorination of N 20 over dry

powdered CsF was carried out in hopes of synthesizing new N, F, 0 com-

pounds. The vapor prcssure of N 20 cver CsF sh•wed no deviation from

N 20 itself over the temperature range over whicb N 20 exists as a liquid.

The acidity of N20 is apparently insufficient to form a CsF (omplex.

Fluorination of the N2 0-CsF mixture at -80 C for 5 days resulted in no

reaction.

Cesium Fluoride-Chlorine Monoxide Complex Studies

- The alkali metal complexes of C1 2 and Br 2 0 represent a new class of

compounds. The stoichiometry and structure of these compounds are of

interest not only because of their unique nature but also because they

may provide an insight into the paths leading to the formation of oxy-

halogen fluorides upon fluorination. An investigation of the cesium

fluoride-chlorine monoxide system was undertaken to determine the stoich-

iometry and stability of ccmplexes. The ratio of C12 0 to CsF was found

to be variable, decreasing .ith increased temperature, puimpniz, and

duration of the .experiments. Moreover, the ratios were not reproduciblc.

Large excesse3 of C12 0 were held over CsF at -80 C for 17 days and longer

and then pumped overnight to remove unconiple-:ed C10. The resultant

ratios were 1.52, 0.82, and 0.25 during three separate experiments under

these conditions and point out the nonreproducible surface conditions

and degree of contact during formation of Cl 2OCsF complexes. The pres-

sure of Cl 20 above such complexes was less than 4 mm at -23 C.

R58863-5 15
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invesLigation of Possible Mercury tiypochiorite Formation

1n the course of preparing C10 0 fr',ji yellow HgO and Cl2, it was observed

that at -80 C there was somo compiuxing between the generated C 20 and

the residual mercury salts. To determine if this complexing is caused

by HgCI2 or hypochlnrite formation, several experiments were conducted

on the possible reaction of flgCl2 and C10O at -80 C. The initial ex.-

periment indicated that there was some complexing and furthermore that

the Cl 20 was converted partially to Cl 2 Additional effort and experi-
ments failed to duplicate this first result and showed no complexing

or ruaction between these materials. Therefore, the observed complexing

of Cl 20 in its synthesis from HgO remains unexplained.

X-ray powder analysis of the solid product formed by reaction of HgO with

excoss C] showed only lines corresponding to HgCl 2 . Although the pos-
2 2

sibility of amorphous or isomorphous mercury hypochlorite exists, appar-

ently the only important reaction with excess chlorine is:

Rgo + 2MC2 -- HgCl 2 + Cl20 (21)

The unusual behavior of the solid product (i.e., turning brown and

evolution of chlorine) may be attributed to complexes with Cl2 or Cl 0,
2

or amounts of products other than RgC], Too small to be observed by

simple X-ray powder analysis.
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EXPERIMENUAL LFFORT I

PRLPAIlATION OF C12 0

The details of the new static iLvhod for preparing, Cl 20 have been pre-

sented previously (Ref. 2). With the earlier dynamic method it w'as

necessary to use freshly prepared yellow HgO. Daring this period, how-

ever, it was determined that the static method is efficient enough to

permit the use of commercial yellow HgO. Vhile the yields of Cl 20 are

not quite as high as those achieved with the fresh HgO, they are never-

theless quite good; i.e., 90- to 97-percent C12 0 using either 1:1 or 2:1

HgO to Cl 2 mole ratios. This compares to 95+ percent with fresh HgO.

Using the flow technique, the commercial material produces only a 20- to

25-percent cunversion of the C12 to Cl 20. Therefore, if desired, the

preparation of fresh HgO may be avoided with only minimal loss of effici-

ency in the conversion using the static technique.

PREPARATION OF KrP2

Kiy-pton difluoride was prepared by circulating an approximatlNy 1:1 molar

mixture of Kr and F2 through an electric discharge reactor cooled to

-196 C. The apparatus and technique are nearly the same as that reported

in the literature ( Ref. 5). Changing the temperature of the discharge

tube to -80 C resulted in no reaction.
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